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1
TRANSMITTER INITIATED ON-LINE
RECONFIGURATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application No. 61/635,683 filed Apr. 19, 2012 by
Dong Wei and entitled “Transmitter Initiated On-Line Recon-
figuration”, which is incorporated herein by reference as if
reproduced in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

Not applicable.

BACKGROUND

Digital subscriber line (DSL) technologies can provide a
large bandwidth for digital communications over existing
subscriber lines. Examples of DSL systems include those
defined by standards including asymmetric DSL 2 (ADSL2),
very-high-speed DSL (VDSL), very-high-speed DSL 2
(VDSL2), G.vector, and G .fast, which is a future standard to
be issued by the International Telecommunication Union
Telecommunication Standardization Sector (ITU-T) Study
Group 15 (SG15). These broadband access communication
technologies may provide data for triple-play services,
including television, internet, voice over internet protocol
(VOIP) phone.

Subscriber lines in a DSL system typically operate in a
noisy environment. Exemplary sources of noise include, but
are not limited to, crosstalk, impulse noise, and radio-fre-
quency interference. Further, characteristics of noise(s) may
often change over time. Although noise protection mecha-
nisms may be set up during initialization of a subscriber line,
the noise protection level can turn out to be inadequate later in
showtime, which may result in errors at the end of a receiver
and during re-initializations.

In use, a signal-to-noise ratio (SNR) margin may be con-
figured to protect a subscriber line against a sudden increase
of noise. Use of SNR margin may be considered a tradeoff
between rate-reach performance and immunity to noise. For
example, given a certain transmission power on a subscriber
line, a higher SNR margin may lead to higher immunity to
time-varying noise(s), but also a lower data rate.

On-line reconfiguration (OLR) functions, such as bit-
swap, seamless rate adaptation (SRA), and emergency rate
reduction, have been defined in current DSL standards to
reconfigure data rates on a subscriber line in response to
changing line conditions (e.g., an increase or decrease in
noise level). Currently-defined OLR functions may all be
initiated by a receiver side. Further, a receiver side-initiated
OLR procedure may be triggered by SNR measurement,
which may sometimes be a relatively slow process. In addi-
tion, since a transmitter side needs to respond to a OLR
request sent from the receiver side, the receiver side-initiated
OLR may require two-way message exchanges before oper-
ating with a new configuration. Consequently, a receiver side-
initiated OLR may be relatively slow in its response to a noise
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condition change, which may occur quickly. This mismatch
may sometimes result in communication errors from the
transmitter to receiver.

SUMMARY

In one embodiment, the disclosure includes a method
implemented by a first network component (NC) in a DSL
system comprising retrieving an OLR request from a control
entity (CE), wherein the OLR request is generated by the CE
based on a noise increase on a subscriber line between the NC
and a second NC in the DSL system, and in response to the
OLR request, transmitting a message to a receiver in the
second NC to request for a reduced data rate on the subscriber
line.

In another embodiment, the disclosure includes an NC
comprising a processor configured to obtain an OLR request
that is retrieved from a CE, wherein the OLR request is
generated by the CE based on a noise increase on a subscriber
line between the NC and a second NC, and a transmitter
coupled to the processor and configured to in response to the
OLR request, transmit a message to a receiver in the second
NC to request for a reduced data rate on the subscriber line.

In yet another embodiment, the disclosure includes a
method implemented by a first NC in a DSL system compris-
ing receiving a number of retransmission requests from a
second NC in the DSL system via a subscriber line between
the first NC and the second NC during a time period, deter-
mining a noise increase on the subscriber line based on the
number of the retransmission requests, transmitting a request
to the second NC for a reduced data rate on the subscriber line
based on the noise increase, loading data bits on a subcarrier
using a bit loading corresponding to the reduced data rate,
wherein all of the data bits loaded on the subcarrier share a
common transmit power spectral density (PSD), and trans-
mitting the data bits to the second NC at the reduced data rate.

These and other features will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure, ref-
erence is now made to the following brief description, taken
in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like
parts.

FIG. 1 illustrates an embodiment of a reference model of a
DSL system.

FIG. 2 illustrates an embodiment of a transmitter-initiated
OLR (TIOLR) method.

FIG. 3 illustrates an embodiment of another TIOLR
method.

FIG. 4 illustrates an embodiment of a network component.

DETAILED DESCRIPTION

It should be understood at the outset that, although an
illustrative implementation of one or more embodiments are
provided below, the disclosed systems and/or methods may
be implemented using any number of techniques, whether
currently known or in existence. The disclosure should in no
way be limited to the illustrative implementations, drawings,
and techniques illustrated below, including the exemplary
designs and implementations illustrated and described
herein, but may be modified within the scope of the appended
claims along with their full scope of equivalents.
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To overcome potential issues raised by receiver-initiated
OLR, a method referred to as transmitter controlled adaptive
modulation (TCAM) uses a hierarchical modulation to deal
with time-varying noise. The hierarchical modulation use
multiple layers on data bits loaded on a subcarrier. For
example, if 10 bits are loaded on a subcarrier, the 10 bits may
be classified or structured into 5 (or another number) layers.
Further, each layer of data bits may use a different transmit
power spectral density (PSD). Accordingly, TCAM may
require a special type of physical layer retransmission request
to match the multi-layer hierarchy of bit-loading.

Based on the number of retransmission requests during a
time-division duplexing (TDD) frame, the number of active
layers of modulation can be modified for the next TDD frame.
Besides the high complexity of hierarchical modulation,
TCAM may not work well with trellis coding. Consequently,
the net coding gain brought by trellis coding may not be
obtainable, which may lead to degradation of rate-reach per-
formance.

Disclosed herein are apparatuses, systems, and methods
for transmitter-initiated OLR (TIOLR). According to
embodiments taught herein, when noise condition on a sub-
scriber line between a transmitting side and a receiving side
changes, an OLR procedure may be initiated by the transmit-
ting side without relying on any signal-to-noise ratio (SNR)
measurement from the receiving side. Specifically, one way
of triggering the TIOLR is through the monitoring of retrans-
mission requests received by the transmitting side over a
given time period, since a jump in retransmission requests
may indicate a noise increase. Another way of triggering the
TIOLR is through an OLR request sent from a control entity
(CE) and retrieved by the transmitting side, since the CE may
possess instantaneous knowledge of noise conditions on sub-
scriber lines. In some embodiments, the disclosed TIOLR
may require only one-way message sent from the transmitting
side to the receiving side. Thus, reconfiguration may occur
relatively quicker compared than conventional receiver-initi-
ated OLR, thereby reducing or avoiding communication
errors.

FIG. 1 illustrates an embodiment of a reference model ofa
DSL system 100, in which embodiments of transmitter-initi-
ated OLR may operate. As shown in FIG. 1, the DSL system
100 comprises an access node (AN) 110 and a customer
premises equipment (CPE) 130 coupled to the AN 110 via a
subscriber line 120. It should be understood that a DSL sys-
tem in practice may comprise a plurality of CPEs and one or
more ANs, but only a portion of the DSL system is used herein
in the interest of clarity. One of ordinary skill in the art will
recognize how to implement principles disclosed herein to a
more complex DSL system.

Depending on the supported standard, the DSL system 100
may be referred to as an xDSL system, where ‘X’ may indicate
a DSL standard. For instance, ‘X’ stands for ‘A’ in ADSL2 or
ADSL2+ systems, and ‘X’ stands for “V” in VDSL or VDSL2
systems. When a transceiver in the DSL system 100 is located
in a central office (CO) or operator distribution point, the
transceiver may be referred to as an XTU-O (or sometimes as
xTU-C). In practice, as long as the transceiver is located at an
operator end of the DSL system or loop (including a CO,
exchange, or cabinet), it may be referred to as an xXTU-O. On
the other hand, when a transceiver in the DSL system 100 is
located at aremote or user end such as a customer premise, the
transceiver may be referred to as an xXTU-R. For example, if
the DSL system 100 is a VDSL2 system, a CO transceiver
may then be referred to as a VDSL2 transceiver unit (VTU) at
an optical network unit (VTU-O), and a CPE transceiver may
be referred to as a VIU at a remote terminal (VTU-R).

10

15

20

25

30

35

40

45

50

55

60

65

4

The AN 110 may reside in a CO, exchange, cabinet, or
distribution or drop point. The AN 110 may comprise a digital
subscriber line access multiplexer (DSLAM) or be imple-
mented as part of a DSLAM. As shown in FIG. 1, the AN 110
may comprise one or more X [U-Os, which may be denoted as
xTU-O-n, where n is an integer between 1 and N, and where
N denotes a number of xTU-Os present in the AN 110. For
illustrative purposes, one xTU-O-1 112 is described in detail
as an example. The xTU-O-1 112 may comprise a down-
stream transmitter and an upstream receiver for communica-
tion with the CPE 130. The AN 110 may further comprise a
cross-connect, and a physical interface to a broadband net-
work. Specifically, the xTU-O-1 112 may be coupled or con-
nected to Layer 2 and above (denoted as .2+ 114 and include
data link layer and other layers) via a y-O reference point. The
L2+ 114 may in turn be connected to a physical layer (PHY)
116, which communicates with a broadband network (not
shown in FIG. 1) via a V interface.

The AN 110 may further comprise a CE 118 coupled to all
xTU-O(s) via e-c reference points. For example, the CE 118
may be connected to the xXTU-O-1 112 via an e-c-1 reference
point. In use, the CE 118 may possess predictive or instanta-
neous knowledge of noise change, such as a noise increase
due to the activation of a new subscriber line or the activation
of'a symbol position in a TDD frame, or noise decrease due to
the deactivation of an existing subscriber line or the deacti-
vation of a symbol position in a TDD frame. For example,
some line condition changes (e.g., adding a new line) may be
within a controlled environment overseen by the CE 118, thus
the CE 118 may predict in advance which line or lines may
need an OLR. In addition, the CE 118 may detect any sudden
noise increase based on real-time information, such as error
samples fedback from the CPE 130, retrieved by the CE 118.
In all of above examples, the CE 118 may learn the noise
change faster than a XTU-R 132 in the CPE 130, which relies
on SNR measurements to detect noise change. In an embodi-
ment, the CE 118 may generate an OLR request based on a
noise increase detected by the CE 118 and forward the OLR
request to the xTU-O-1 112. In turn, the xTU-O-1 112 may
obtain or retrieve the OLR request from the CE 118 to initiate
an OLR procedure. Note that the xTU-O-1 112 may also be
directly coupled to other xXTU-O(s) present in the AN 110
besides going through the CE 118 and via an e-1-n interface.

Each of the xTU-O-1 112 and the CE 118 may be consid-
ered a network component (NC) or node that is capable of
communicating with other NCs. Alternatively, the xTU-O-1
112 and the CE 118 may be considered different parts or
modules of a single NC (e.g., if the AN is considered a single
NC). Although the xTU-0-1 112 and the CE 118 are shown in
FIG.1 asinonelocation, in practice, thex TU-O-1112 and the
CE 118 may be at different locations. For example, the xTU-
0-1 112 may reside in a DSLAM away from a CO, while the
CE 118 may reside in the CO.

The AN 110 may communicate with the CPE 130 through
a U-O interface at the operator side and through a U-R inter-
face at the user side. The CPE 130 may sometimes be referred
to interchangeably as an end terminal (NT). Note the AN 110
may communicate with a plurality of CPEs, thus the CPE 130
is also labeled in FIG. 1 as CPE-1. The CPE 130 may com-
prise a xTU-R 132, which may comprise an upstream trans-
mitter and adownstream receiver for communication with the
xTU-O-1112. The xTU-R 132 may be coupled or connected
to Layer 2 and above (denoted as [.2+ 134 and include data
link layer and other layers) via a y-R reference point. The .2+
134 in turn may be connected to a PHY 136, which may
communicate with other network components or devices (not
shown in FIG. 1) via a T/S interface. For example, the CPE
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130 may be located at a customer premise and coupled to a
telephone, a computer, a television, other devices, or combi-
nations thereof. The CPE 130 may comprise a switch and/or
a splitter, which may couple the subscriber line 120 (and
potentially other subscriber lines) to a telephone, a computer,
or a television. The PHY 116 and/or the PHY 136 may be
further classified into several sublayers, e.g., including a
transport protocol specific-transmission convergence (TPS-
TC) sublayer, a physical media specific-transmission conver-
gence (PMS-TC) sublayer, and a physical media dependent
(PMD) sublayer.

The subscriber line 120 may take any form or be made of
any suitable material such as copper wire or optical fiber. The
DSL system 100 may comprise multiple subscriber lines 120,
and some of the subscriber lines may be bundled in a binder.
Further, the subscriber line 120 may be a robust management
channel or the DSL system 100 may comprise an additional
robust management channel. The robust management chan-
nel may carry important information such as configuration
parameters, bit-loading settings, etc.

A transmitter or a receiver described herein may reside in
any suitable location, e.g., in the AN 110, in the CPE 130, or
in a DSLAM which may be between the AN 110 and the CPE
130. For example, if a disclosed OLR procedure concerns the
upstream direction, a transmitter may reside in the CPE 130,
and its corresponding receiver may reside in the AN 110.
Otherwise, if a disclosed OLR procedure concerns the down-
stream direction, a transmitter may reside in the AN 110, and
its corresponding receiver may reside in the CPE 130.

As mentioned previously, during transmission of user data
from a transmitting side to a corresponding receiving side
over a subscriber line (e.g., the subscriber line 120), the level
of noise or noises on the subscriber line may change at any
time, which may or may not be predictable. In an embodi-
ment, when a noise suddenly increases on the subscriber line,
the transmitting side may rapidly observe or discover such a
change and immediately perform a TIOLR to switch to a
reduced bit-loading, which may help reduce or avoid com-
munication error. There may be various approaches or ways
to trigger a TIOLR procedure.

In a first approach, a TIOLR procedure may be triggered
autonomously by the transmitting side. For instance, a sudden
increase of noise may lead to more user data being lost during
transmission or rendered erroncous when received by the
receiving side. Accordingly, the receiving side may send back
to the transmitter more retransmission requests, which leads
to a jump in a number of retransmission requests received by
the transmitting side. It should be understood that each of the
transmitting side and the receiving side may comprise a trans-
mitter, a receiver, and a processor, thus both the transmitting
side and the receiving side may be capable of transmitting,
receiving, and processing data.

In the first approach, the transmitting side may observe the
number of retransmission requests sent from the receiving
side during a given period of time (e.g., the duration of at least
one TDD frame) to determine whether there is a sudden
increase of noise. The first approach assumes the presence of
a generic PHY retransmission function in the pair of the
transmitting and receiving sides. Note that any type of PHY
retransmission request can be used herein, which is different
from TCAM, as TCAM requires a special type of retransmis-
sion request to conform to its multi-layer hierarchy. More-
over, without the need for any layer hierarchy, the transmit-
ting side may load data bits on a subcarrier (as an example in
a group of subcarriers) using a bit loading corresponding to a
reduced data rate, and all of the data bits loaded on the
subcarrier may share a common transmit PSD.
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Inasecond approach, a TIOLR procedure may be triggered
by an OLR request from a CE (e.g., the CE 118). Recall that
the CE may possess prior, instantaneous, or relatively quicker
knowledge of any noise change on the subscriber line and
may detect any sudden noise increase based on real-time
information, such as error sample feedbacks from the receiv-
ing side. After discovering a noise increase, the CE may
generate an OLR request, which may be retrieved or fetched
by the transmitting side. In response, the transmitting side
may initiate an OLR procedure by transmitting a message to
the receiving side to request for a reduced data rate on the
subscriber line. In the second approach, data bits loaded onto
a subcarrier may either have one layer (i.e., all bits treated the
same) or a multi-layer hierarchy, such as those used in
TCAM.

Compared with receiver-initiated OLR procedures,
TIOLR triggered either by the first approach or second
approach may not rely on SNR measurements sent from the
receiving side. As a result, OLR can be initiated relatively
quicker after a noise level change, which may help reduce or
eliminate communication error.

After OLR is initiated by the transmitting side, a data rate
from the transmitting side to the receiving side will be
reduced. The reduced data rate and a time regarding when to
switch to a new configuration may be specified during the
OLR procedure. In an embodiment, a configuration param-
eter denoted as Ab may be defined to determine the reduction
in bit-loading per sub-carrier. The parameter Ab may either be
the same for all used sub-carriers in the entire spectrum, or
may be the same for all used sub-carriers within a predefined
sub-carrier group. For example, in a sub-carrier group
denoted as k, if Ab(k)<=0, it indicates that a TIOLR function
used to perform TIOLR is disabled for the sub-carrier group
k; otherwise, it indicates that the TIOLR function is enabled.
For all the used sub-carriers in the sub-carrier group k, the
same bi (denoting a number of bits loaded to a sub-carrier)
reduction Ab(k) may be applied. Specifically, a new bi'=bi-
Ab(k).

In some embodiments, if the new bi' value ends up being
less than 2, it may be set to 0. In this case, no 1-bit loading is
created in TIOLR. Further, if a resulted bi' contains an odd
number of 1-bit constellation points and trellis coding is
enabled, the last 1-bit constellation, which may be deter-
mined according to a reordered tone ordering table, may be
set to bi'=0.

The parameter Ab may be stored and communicated using
various approaches. In a first example, Ab may be pre-deter-
mined and pre-stored by both a transmitting side and a receiv-
ing side, e.g., during system initialization, to indicate how
many bits per subcarrier to reduce in the event of a noise
increase. Thus, when a noise changes during showtime, both
the transmitting and receiving sides already have Ab, allow-
ing them to react immediately to the noise change.

In a second example, the parameter Ab may be communi-
cated between the transmitting and receiving sides over a
robust management channel described previously. Ab can be
robustly communicated at the start of each interval in which
Ab can be modified (e.g., in a sync symbol, which may be
located at the start or the end of each super-frame). When the
receiving side receives a TIOLR message, it may calculate all
affected PMD sub-layer parameters and PMS-TC sub-layer
parameters, and switch to the new configuration. In addition,
after finishing a TIOLR procedure, the receiving side may
further perform other OLR procedures, such as initiating a
standard SRA procedure to update one or more fine gains
denoted as gi.
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In some embodiment, the TIOLR may require only one-
way message exchange before switching to a new configura-
tion. For example, a transmitter may send a request to a
receiver for a reduced data rate from the transmitter to the
receiver, and the request may specify a time of switching.
Thus, the receiver does not need to respond or feedback to the
transmitter before reconfiguration happens. Compared with
current OLRs which require two-way message exchange, the
one-way message exchange may lead to faster reaction to
noise condition change and hence reduce or avoid errors and
retrains. Note that in some cases the TIOLR may still need
two-way message exchanges, e.g., when a transmitter is
located in a CPE, a receiver is located in a CO, and the TIOLR
is triggered by a CE in the CO.

Although most of the TIOLR descriptions herein take the
assumption of a noise increase, it should be understood that
when the noise decreases, similar TIOLR schemes may be
implemented to increase a data rate of the subscriber line, e.g.,
by increasing bit loading per sub-carrier. In addition, after a
TIOLR procedure is performed to stabilize the subscriber
line, if the noise condition improves later, a standard SRA
procedure may also be performed to increase the data rate. It
should be understood that TIOLR schemes disclosed herein
may be independent of the choice of forward error-correcting
(FEC) coding, which may employ a concatenated Reed-So-
lomon code, trellis code, or low-density parity-check (LDPC)
code. Therefore, any net coding gain that may be obtained by
FEC may be maintained.

With TIOLR, it is feasible to operate with a reduced SNR
margin or even a zero SNR margin without increasing an error
rate. The reduced or zero SNR margin may yield a higher
achievable data rate with the same transmit PSD. For
instance, a 6 decibel (dB) SNR margin may correspond
roughly to a sacrifice of 2 bits per second per Hertz (/s/Hz) in
spectral efficiency. With a 100 Mega Hz (MHz) bandwidth,
for example, the sacrifice may correspond to up to 200 Mega-
bits per second (Mb/s) in aggregate data rate. Such reduction
in SNR margin is feasible due to the timely response TIOLR
has to changing noise levels.

FIG. 2 illustrates an embodiment of a TIOLR method 200
triggered autonomously by a transmitting side. Assume a first
NC and a second NC, the first NC is the transmitting side and
the second NC is the receiving side. For example, using the
context of the DSL system 100, in the downstream direction,
the first NC may be the xTU-O-1 112, while the second NC
may be the xXTU-R 132. In the upstream direction, the first NC
may be the xTU-R 132, while the second NC may be the
xTU-O-1112. The method 200 may start in step 202, in which
the method 200 may store one or more bit loading parameters
in both the first and second NCs during initialization of a
communication channel between the first and second NCs.

In step 210, the first NC may receive a number of retrans-
mission requests from the second NC via a subscriber line
between the first and second NCs during a pre-determined
time period. The pre-determined time period may be, for
example, the duration of a TDD frame or a plurality of TDD
frames. In step 220, the method 200 may determine a noise
increase on the subscriber line based on the number of the
retransmission requests. In an embodiment, the determining
comprises comparing the number of the retransmission
requests with a pre-determined threshold, which may be any
suitable number (e.g., a number which indicates that the
increased noise is not an impulse noise) dependent on imple-
mentation. In step 230, the method 200 may transmit a request
to the second NC for a reduced data rate on the subscriber line
based on the noise increase. In step 240, the method 200 may
load data bits on a subcarrier using a bit loading correspond-
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ing to the reduced data rate. In step 250, the method 200 may
transmit the data bits to the second NC at the reduced data
rate. Note that the request transmitted in step 230 may not
require a response from the second NC before transmitting
the data bits to the second NC.

Note that the method 200 may be modified within the scope
of the present disclosure. For example, in step 202, the first
NC may transmit the one or more bit loading parameters
through a robust management channel to the second NC prior
to the transmission of data. For another example, the method
200 may further comprise a step to reduce a SNR margin of
the data bits before or when transmitting the data bits to the
second NC.

FIG. 3 illustrates an embodiment of a TIOLR method 300
triggered by an OLR request from a CE. Similar to the method
200, the method 300 also assumes the first and second NCs.
The method 300 may start in step 310, in which the method
300 may store one or more bit loading parameters in both the
first and second NCs during initialization of a communication
channel between the first and second NCs. In step 320, the
method 300 may retrieve an OLR request from a CEin an AN,
wherein the OLR request is generated by the CE based on a
noise increase on a subscriber line between the NC and a
second NC in the DSL system. The noise increase may be
predicted or observed by the CE without relying on any
signal-to-noise (SNR) measurement performed by the second
NC. The OLR request retrieved from the CE may be in any
form as long as it comprises necessary instructions for the
transmitting side to start an OLR. Further, retrieving may be
locally (e.g., both the CE and the first NC located in the AN)
or remotely (e.g., the CE and the first NC located in different
places).

In step 330, the method 300 may, in response to the OLR
request, transmit a message to a receiver in the second NC to
request for a reduced data rate on the subscriber line. In step
340, the method 300 may load data bits on a group of subcar-
riers using a bit loading according to one or more bit loading
parameters. In step 350, the method 300 may transmit the data
bits to the second NC at the reduced data rate. Note that the
message transmitted in step 330 may not require a response
from the second NC before transmitting the data bits to the
second NC.

Note that the method 300 may be modified within the scope
of the present disclosure. For example, in step 310, the first
NC may transmit the one or more bit loading parameters
through a robust management channel to the second NC prior
to the transmission of data. For another example, the method
300 may further comprise a step to reduce a SNR margin of
the data bits before or when transmitting the data bits to the
second NC.

FIG. 4 illustrates an embodiment of a computer device or
NC 900, which may comprise, for example, a transceiver
(xTU-O or xTU-R) as described above, within a network or
system. The NC 900 may be a DSL. modem located on an
operator’s end such as a CO, in which case each of a first
plurality of ports 910 may be connected or coupled to a
subscriber line. Alternatively, the NC 900 may be located on
a user’s end such as a CPE, in which case there may be only
one port 910 coupled to one subscriber line. A transmitter
(Tx)/receiver (Rx) unit 912 may be coupled to each port 910
and configured to transmit data to or receive data from other
DSL modems or network units. A Tx/Rx 912 may, for
example, comprise an analog-to-digital converter (ADC), fil-
ter(s), amplifier(s), and/or a digital-to-analog converter
(DAC).

A logic unit or processor 920 coupled to the plurality of
Tx/Rx units 912 may be configured to process data and deter-
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mine which DSL modem or network unit to send the data to.
The processor 920 may be implemented as one or more cen-
tral processing unit (CPU) chips, cores (e.g., a multi-core
processor), field-programmable gate arrays (FPGAs), appli-
cation specific integrated circuits (ASICs), and/or digital sig-
nal processors (DSPs). A memory 940 may be coupled to the
processor 920 and configured to store various types of data.

Since the NC 900 may be an intermediary between two
network units or sources, it may process and forward data
from one source to another. Thus, the NC 900 may further
comprise a second plurality of ports 930 coupled to a second
plurality of Tx/Rx units 932 for transmitting data to or receiv-
ing data from other network units. The processor 920 may be
configured to implement any of the schemes/methods
described herein, such as the TIOLR method 200 and the
TIOLR method 300.

The memory 940 may be any suitable type of memory or
combination of memories. For example, the memory 940 may
comprise a secondary storage, a random access memory
(RAM), and a read only memory (ROM). A secondary stor-
age is typically comprised of one or more disk drives or tape
drives and is used for non-volatile storage of data and as an
over-flow data storage device if a RAM is not large enough to
hold all working data. The secondary storage may be used to
store programs that are loaded into the RAM when such
programs are selected for execution. A ROM is used to store
instructions and perhaps data that are read during program
execution. The ROM is a non-volatile memory device that
typically has a small memory capacity relative to the larger
memory capacity of the secondary storage. The RAM is used
to store volatile data and perhaps to store instructions. Access
to both the ROM and the RAM is typically faster than to the
secondary storage.

It is understood that by programming and/or loading
executable instructions onto NC 900, at least one of the pro-
cessor 920 and the memory 940 are changed, transforming
the NC 900 in part into a particular machine or apparatus (e.g.,
an AN or a CPE having the functionality taught by the present
disclosure). The executable instructions may be stored on the
memory 940 and loaded into the processor 920 for execution.
It is fundamental to the electrical engineering and software
engineering arts that functionality that can be implemented
by loading executable software into a computer can be con-
verted to a hardware implementation by well-known design
rules. Decisions between implementing a concept in software
versus hardware typically hinge on considerations of stability
of'the design and numbers of units to be produced rather than
any issues involved in translating from the software domain to
the hardware domain. Generally, a design that is still subject
to frequent change may be preferred to be implemented in
software, because re-spinning a hardware implementation is
more expensive than re-spinning a software design. Gener-
ally, a design that is stable that will be produced in large
volume may be preferred to be implemented in hardware, for
example in an ASIC, because for large production runs the
hardware implementation may be less expensive than the
software implementation. Often a design may be developed
and tested in a software form and later transformed, by well-
known design rules, to an equivalent hardware implementa-
tioninan application specific integrated circuit that hardwires
the instructions of the software. In the same manner, as a
machine controlled by a new ASIC is a particular machine or
apparatus, likewise a computer that has been programmed
and/or loaded with executable instructions may be viewed as
a particular machine or apparatus.

At least one embodiment is disclosed and variations, com-
binations, and/or modifications of the embodiment(s) and/or

10

15

20

25

30

35

40

45

50

55

60

65

10

features of the embodiment(s) made by a person having ordi-
nary skill in the art are within the scope of the disclosure.
Alternative embodiments that result from combining, inte-
grating, and/or omitting features of the embodiment(s) are
also within the scope of the disclosure. Where numerical
ranges or limitations are expressly stated, such express ranges
or limitations may be understood to include iterative ranges or
limitations of like magnitude falling within the expressly
stated ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12,
0.13, etc.). For example, whenever a numerical range with a
lower limit, R,, and an upper limit, R, is disclosed, any
number falling within the range is specifically disclosed. In
particular, the following numbers within the range are spe-
cifically disclosed: R=R,+k*(R,~R ), wherein k is a variable
ranging from 1 percent to 100 percent with a 1 percent incre-
ment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5
percent, . . . , 50 percent, 51 percent, 52 percent, . . ., 95
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any numerical range defined by two R
numbers as defined in the above is also specifically disclosed.
The use of the term “about” means +/-10% of the subsequent
number, unless otherwise stated. Use of the term “optionally™
with respect to any element of a claim means that the element
is required, or alternatively, the element is not required, both
alternatives being within the scope of the claim. Use of
broader terms such as comprises, includes, and having may be
understood to provide support for narrower terms such as
consisting of, consisting essentially of, and comprised sub-
stantially of. Accordingly, the scope of protection is not lim-
ited by the description set out above but is defined by the
claims that follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incor-
porated as further disclosure into the specification and the
claims are embodiment(s) of the present disclosure. The dis-
cussion of a reference in the disclosure is not an admission
that it is prior art, especially any reference that has a publica-
tion date after the priority date of this application. The dis-
closure of all patents, patent applications, and publications
cited in the disclosure are hereby incorporated by reference,
to the extent that they provide exemplary, procedural, or other
details supplementary to the disclosure.

While several embodiments have been provided in the
present disclosure, it may be understood that the disclosed
systems and methods might be embodied in many other spe-
cific forms without departing from the spirit or scope of the
present disclosure. The present examples are to be considered
as illustrative and not restrictive, and the intention is not to be
limited to the details given herein. For example, the various
elements or components may be combined or integrated in
another system or certain features may be omitted, or not
implemented.

In addition, techniques, systems, subsystems, and methods
described and illustrated in the various embodiments as dis-
crete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown
ordiscussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating
through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Other
examples of changes, substitutions, and alterations are ascer-
tainable by one of ordinary skill in the art and may be made
without departing from the spirit and scope disclosed herein.
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What is claimed is:

1. A method implemented by a first network component
(NC)in a access node (AN) in a digital subscriber line (DSL)
system comprising:

retrieving an on-line reconfiguration (OLR) request from a

control entity (CE), wherein the OLR request is gener-
ated by the CE based on a noise increase on a subscriber
line between the NC and a second NC at a customer
premise in the DSL system; and

in response to the OLR request, transmitting a message to

areceiver in the second NC to request for a reduced data
rate on the subscriber line,

wherein the noise increase is predicted or observed b the

CE without relying on any signal-to-noise (SNR) mea-
surement performed by the second NC.

2. The method of claim 1, wherein after transmitting the
message to the receiver, the method further comprises:

loading the data bits on a group of subcarriers using a bit

loading according to one or more bit loading parameters;
and

transmitting the data bits to the second NC at the reduced

data rate.

3. The method of claim 2, wherein the message does not
require a response from the second NC before transmitting
the data bits to the second NC.

4. The method of claim 3, wherein the second NC is con-
figured to:

receive the message;

calculate a number of physical medium dependent (PMD)

sub-layer parameters and physical media specific-trans-
mission convergence (PMS-TC) sub-layer parameters in
response to the message;

switch to a new configuration according to the PMD and

PMS-TC parameters; and

receive the data bits at the reduced data rate using the new

configuration.

5. The method of claim 3, wherein the first NC and the CE
are both located in a central office (CO) in the DSL system,
and wherein the second NC is located in a CPE in the DSL
system.

6. The method of claim 2, further comprising reducing a
signal-to-noise (SNR) margin of the data bits before or when
transmitting the data bits to the second NC.

7. The method of claim 2, further comprising storing the
one or more bit loading parameters in both the first and second
NCs during initialization of a communication channel
between the first and second NCs.

8. The method of claim 2, further comprising transmitting
the one or more bit loading parameters through a robust
management channel to the second NC prior to the transmis-
sion of the data bits.

9. A first network component (NC) in a access node (AN)
comprising:

a memory;

a processor coupled to the memory, the processor config-

ured to:

obtain an on-line reconfiguration (OLR) request that is
retrieved from a control entity (CE), wherein the OLR
request is generated by the CE based on a noise
increase on a subscriber line between the first NC and
a second NC at a customer premise; and

a transmitter coupled to the processor and configured to:

in response to the OLR request, transmit a message to a
receiver in the second NC to request for a reduced data
rate on the subscriber line,
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wherein the noise increase is predicted or observed by
the CE without relying on any signal-to-noise (SNR)
measurement performed by the second NC.

10. The first NC of claim 9, wherein after transmitting the
message to the receiver, the processor is further configured to
load the data bits on a group of subcarriers using a bit loading
according to one or more bit loading parameters, and wherein
the transmitter is further configured to transmit the data bits to
the second NC at the reduced data rate.

11. The first NC of claim 10, wherein the message does not
require a response from the second NC before transmitting
the data bits to the second NC.

12. The first NC of claim 10, the processor is further con-
figured to reduce a signal-to-noise (SNR) margin of the data
bits before or when transmitting the data bits to the second
NC.

13. The first NC of claim 10, wherein the processor is
further configured to store the one or more bit loading param-
eters in the memory NCs during initialization of a communi-
cation channel between the first and second NCs, wherein the
one or more bit loading parameters are also stored in a
memory in the second NC before the OLR request is retrieved
by the first NC.

14. The first NC of claim 10, the transmitter is further
configured to transmit the one or more bit loading parameters
through a robust management channel to the second NC prior
to the transmission of the data bits.

15. A method implemented by a first network component
(NC) in a access node in a digital subscriber line (DSL)
system comprising:

receiving a number of retransmission requests from a sec-

ond NC at a customer premise in the DSL system via a
subscriber line between the first NC and the second NC
during a time period;
determining a noise increase on the subscriber line based
on the number of the retransmission requests, wherein
the determining does not rely on any signal-to-noise
(SNR) measurement performed by the second NC;

transmitting a request to the second NC for a reduced data
rate on the subscriber line based on the noise increase;

loading the data bits on a subcarrier using a bit loading
corresponding to the reduced data rate, wherein all of the
data bits loaded on the subcarrier share a common trans-
mit power spectral density (PSD); and

transmitting the data bits to the second NC at the reduced

data rate.

16. The method of claim 15, wherein the time period is no
less than the duration of a time-division duplexing (TDD)
frame, wherein the determining comprises comparing the
number of the retransmission requests with a pre-determined
threshold.

17. The method of claim 16, wherein one or more bit
loading parameters are pre-determined and stored in both a
memory of the first NC and a memory of the second NC
before the OLR request is retrieved by the first NC.

18. The method of claim 16, further comprising transmit-
ting the one or more bit loading parameters through a robust
management channel to the second NC prior to the transmis-
sion of the data bits.

19. The method of claim 15, wherein the request does not
require a response from the second NC before transmitting
the data bits to the second NC.

20. The method of claim 15, further comprising reducing a
signal-to-noise (SNR) margin of the data bits before or when
transmitting the data bits to the second NC.
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21. A method for on-line reconfiguration (OLR) imple-
mented through a transceiver unit at an operator side (x TU-O)
in a digital subscriber line (DSL) system, comprising:
receiving, from a control entity (CE), an instruction over a
management interface, wherein the instruction is based
on a noise increase determined by the CE;

transmitting, to a transceiver unit at a remote terminal
(xTU-R), an OLR request in accordance with the
instruction without having received any signal-to-noise
ratio measurement from the xXTU-R; and

awaiting a response from the xXTU-R after transmission of

the OLR request.

#* #* #* #* #*
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